Ocean acidification threatens to shift coral reefs from net accreting to net eroding. While corals build reefs through accretion of calcium carbonate (CaCO 3 ) skeletons, net reef growth depends on bioerosion by grazers and borers and on secondary calcification by crustose coralline algae and other calcifying invertebrates. Primary calcification, secondary calcification, and erosion processes respond differently to climate change stressors; therefore, the combined accretion-erosion response is uncertain. Using a new microcomputed tomography (µCT) method, we measured the simultaneous response of secondary accretion and bioerosion along an environmental gradient: bioerosion rates bioerosion plays a significant role in the shift from net accretion to net erosion on coral reefs.
therefore, the combined accretion-erosion response is uncertain. Using a new microcomputed tomography (µCT) method, we measured the simultaneous response of secondary accretion and bioerosion along an environmental gradient: bioerosion rates 
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These differential responses of primary and secondary accretion and bioerosion challenge our ability to predict 52 the net response of coral reefs to environmental change. 2) How will multiple environmental stressors impact 53 individual reef processes? Many environmental parameters interact to drive patterns in accretion and erosion, in- 
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(b) µCT: Secondary accretion and bioerosion rates were calculated using µCT (Figure 2 ). µCT is an X-ray
111
technology that non-destructively images the external and internal structures of solid objects, resulting in a three-112 dimensional array of object densities. We used an eXplore CT120 µCT (GE Healthcare Xradia, Inc) at the Cornell 
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(c) Rates: Bioerosion and secondary accretion rates were calculated using the following equations: Bioerosion tionship of the carbonate chemistry parameters (Table S1 ). The pH model includes both the mean and variance model was the combination of log(depth) and distance from shore. These linear models were compared to a full 149 model that includes the means and variances of every parameter stated above (Table 2) . Environmental data that
150
did not meet the assumptions of normality were log-transformed, secondary accretion and bioerosion data were and explained only 9% of the variance (Table 2a) and was followed by the temperature model which explained only 171 7% of the variance in bioerosion rates. While the resource availability model described 21% of the variance in the 172 data, it also had a larger number of parameters (6, including mean and variance for both DIN:DIP and chlorophyll 173 a) and, therefore, ranked fourth in model parsimony. The full model, which included the means and variances of all 174 parameters, described 79% of the variance in bioerosion rates indicating that the environmental data we collected 175 adequately described patterns in bioerosion rates across the transect. Any additional environmental parameter 176 would at most only explain 21% of the variance in bioerosion.
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While all the parameters in these models interact to drive patterns in bioerosion, a of ranking individual of rates were limited to secondary calcifiers such as CCA and encrusting invertebrates (e.g., oysters and barnacles), and excluded corals. We did not measure light or photosynthetically active radiation across our transect, but our 195 deepest site was only 4.5m deep, and, therefore, it is unlikely that light limited CCA growth across the transect.
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Further, distance from shore explained more of the variation in secondary accretion than depth (23% vs 13%;
197
Figure 4), and there is a tight correlation between distance from shore and turbulent kinetic energy dissipation rate (R 2 = 0.88, Figure S5 ), suggesting that hydrodynamics, rather than light, may be driving the patterns in accretion.
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Hydrodynamic energy (e.g., turbulence, wave action, tidal mixing) could impact secondary accretion in several 
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Advancing methods for examining secondary accretion and bioerosion
212
Our new µCT method allowed the separation of secondary accretion and bioerosion processes and demon-213 strated that these processes are driven by different environmental parameters. Indeed, accretion and erosion rates 214 on coral reefs are controlled by different organisms, so it is not surprising that they respond to different environ-215 mental parameters. Yet, this is the first study to simultaneously measure secondary accretion and bioerosion on 216 the same time-scale and correlate them with multiple drivers of the accretion-erosion balance. In a prior study, we 217 used before and after µCT scans to calculate the net change in volume (Silbiger et al., 2014) . In the present study,
218
we advance this method by aligning and differencing before and after scans to separate changes due to secondary 219 accretion and bioerosion. With µCT we can calculate how much volume is added or removed from an experimen-220 tal block to accuracy determined by the resolution of the scan (here, 100 µm). We also compared the volume of 221 the pre-deployment blocks calculated with µCT to the volume calculated using buoyant weight and the data are Secondary accretion versus bioerosion in a high CO 2 world
226
Our data indicate that bioerosion is more sensitive to ocean acidity than secondary accretion. Both the effect 227 size ( Figure 5 ) and the proportion of variance explained (R 2 in on a reef for a set time and measure the difference in weight, height, volume, or density between the preand post-deployment blocks.
• Calculates an accurate rate because the block deployment time is known.
• Erosion rate is inclusive of both internal and external eroders.
• Measures a net change in the block and confounds accretion and erosion processes.
• Blocks need to be deployed for approx. 5 years to incude late succesional stage eroders. • Separates accretion and erosion.
• Visualize boring scars in 3D
• Poor estimate of bioerosion rate because the actual time when CaCO3 becomes available is unknown. X-ray and other 2-dimensional image analyses Collect live coral cores or dead coral rubble, cut the sample into slabs, and take a picture, X-ray, or trace erosion scars onto a piece of paper.
• Separates accretion and erosion.
• Using reef samples, as opposed to experimental blocks, likely includes an advanced succesional stage of eroders and calcifiers.
• Poor estimate of bioerosion rate because the actual time when CaCO3 becomes available is unknown.
• Results may under-or over-estimate erosion rates depending on where the slab was cut.
Count bore holes along a reef transect Count bore holes from bieoroding animals on the surface of live or dead coral in situ.
• Inexpensive and quick.
• Includes counts of different types of macroborers.
• Only accounts for macroborers large enough to make a hole that is visible without magnification.
• • Very high resolution images of microboring • Only uses a very small sample for this analysis.
• Only accounts for microerosion.
• Results are highly dependent on where cuts are made. • High resolution 3D measure of both accretion and erosion.
• Visualizes boring scars in 3D.
• Using before and after scans allows for the removal of any pre-existing boring scars.
• Calculates an accurate rate since deployment time is known.
• Blocks need to be deployed for a long period of time to quantify late succesional stage bioeroders.
• Can be costly depending on resolution of yr −1 ) of experimental blocks (N=20) versus mean pH residuals (y = −22.45x + 0.55, R 2 = 0.54). pH mean was regressed against log(depth) and distance from shore, and the residuals were used in the analysis and this figure. Bioerosion rate for each block was square-root transformed to meet model assumptions. Color represents depth (m) along the transect with blue representing blocks closest to shore and red representing blocks the farthest. 
